Inferior glenohumeral ligament: geometric and strain-rate dependent properties.
The inferior glenohumeral ligament (IGHL) is an important structure for maintaining shoulder stability. This study was aimed at determining the geometric and anatomic characteristics of the IGHL and its tensile properties at a higher strain rate than previously tested. Eight fresh-frozen human cadaver shoulders (average age 69 years, age range 62 to 73 years) from four female and four male cadavers were used to harvest bone-ligament-bone specimens from the three regions of the IGHL (superior band, anterior axillary pouch, and posterior axillary pouch). Uniaxial tensile tests were performed at the moderately high strain rate of approximately 10% per second with a servo-hydraulic testing machine. This represented a strain rate that was approximately 100 to 1000 times faster than that previously reported. During tensile testing, bone-ligament-bone strains were calculated from grip-to-grip motion on the testing machine, and mid-substance strains were determined by a video dimensional analyzer. Although all regions of the IGHL had similar lengths (averaging 43.4 mm), their thickness varied by region and by proximal-to-distal location. The superior band was the thickest (2.23 +/- 0.38 mm) of the three regions. Of the remaining two regions the anterior axillary pouch (1.94 +/- 0.38 mm) was thicker than the posterior axillary pouch (1.59 +/- 0.64 mm). By proximal-to-distal location the IGHL was thicker for all three regions near the glenoid (2.30 +/- 0.57 mm) than near the humerus (1.61 +/- 0.52 mm). The superior band had a greater stiffness (62.63 +/- 9.78 MPa) than either the anterior axillary pouch (47.75 +/- 17.89 MPa) or the posterior axillary pouch (39.97 +/- 13.29 MPa). Tensile stress at failure was greater in the superior band (8.4 +/- 2.2 MPa) and the anterior axillary pouch (7.8 +/- 3.1 MPa) than the posterior axillary pouch (5.9 +/- 1.7 MPa). The anterior axillary pouch demonstrated greater bone-to-bone and mid-substance strains (30.4% +/- 4.3% and 10.8% +/- 2.4%, respectively) before failure than the other two regions (superior band: 20.8% +/- 3.8% and 9.1% +/- 2.8%, respectively; posterior axillary pouch: 25.2% +/- 5.8% and 7.8% +/- 2.6%, respectively). Bone-to-bone strain was always greater than mid-substance strain, indicating that when the IGHL is stretched, the tissue near the insertion sites will experience much greater strain than the tissue in the mid-substance. insertion failures were more likely at slower strain rates, and ligamentous failures were predominant at the fast strain rate. When compared with other tensile studies of the IGHL at slower strain rates (0.01% per second and 0.1% per second), the superior band and the anterior axillary pouch demonstrated the viscoelastic effects of increased stiffness and failure stress. This superior band and anterior axillary pouch pouch viscoelastic stiffening effect suggests that these two regions may function to restrain the humeral head from rapid abnormal anterior displacement in the clinically vulnerable position of abduction and external rotation.